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ABSTRACT 
 
 
 
 
 Pyrolysis is a process to have fuel from biomass. Performance of this process 
was influenced by some variables which are heating rate, operating temperature, 
species of biomass, time and particle size. These parameters will affect the product 
conversion or performance in terms of its percentage of volatiles compound from the 
sample. This study focus on the effects of heating rate on the pyrolysis behaviour of 
EFB biomass. In order to achieve the objective, the TGA is used and EFB is 
choosing as a sample of biomass. The temperature of pyrolysis experiments were 
performed at a room temperature till 950°C. The experiment was conducted at the 
heating rates of 5, 10, 20, 30, 40 and 60 °C /min. Results from experiment conducted 
showed that at the lower values of this interval of heating rate, the maximum rates of 
mass losses were so low that they were only 5.6%/min for 5°C/min, and 8.0%/min 
for 10°C /min. As the heating rate increased, rates of maximum mass losses also 
increased so that they were determined as 15.6, 25.7 and 35.2%/min for the heating 
rates of 20, 40 and 60 °C/min, respectively. Total mass losses from the sample were 
determined as 87.1, 62.8, 61.7, 59.1, and 51.7% at heating rates of 5, 10, 20, 30, 40 
and 60 °C /min. The results of this solution pointed out that activation energies were 
6.05, 6.83, 8.54, 11.98 and 10.61 kJ/mol for the heating rates of 5, 10, 20, 40 and 
60°C/min. This research showed that important differences on the pyrolytic behavior 
when heating rate is changed. The increasing of heating rates will lead to higher 
conversion rates. At lower heating rates, the residence time is longer and results in 
high percentage of mass losses. Activation energy values were first increased when 
the heating rates increased but further increases of heating rates rapidly declined the 
activation energy. 
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ABSTRAK 
 
 
 
 
 Pirolisis adalah suatu proses untuk menghasilkan bahan bakar daripada 
biojisim. Prestasi proses ini dipengaruhi oleh pelbagai faktor seperti kadar 
pemanasan, suhu, jenis biojisim, masa dan saiz partikel. Faktor-faktor ini akan 
mempengaruhi hasil produk dalam bentuk peratusan pengewapan daripada sampel. 
Pembelajaran ini berfokuskan kepada kesan kadar pemanasan kepada proses pirolisis 
bagi buah tandan sawit kosong (EFB). Bagi mencapai tujuan ini, TGA digunakan dan 
EFB dipilih sebagai sampel biojisim. Suhu bagi eksperimen pirolisis ini dijalankan 
pada selang suhu bilik sehingga mencapai 950°C. Eksperimen ini dilakukan pada 
kadar pemanasan 5, 10, 20, 30, 40 dan 60 °C /min. Pada selang suhu yang kecil ini, 
kadar maksima pengurangan jisim adalah sangat rendah iaitu hanya 5.6%/min bagi 
5°C/min, dan 7.9%/min bagi 10°C /min. Apabila kadar pemanasan meningkat, kadar 
pengurangan maksima bagi jisim juga meningkat apabila sebanyak 15.6, 25.7 and 
35.3 %/min kadar pengurangan yang berlaku pada kadar pemanasan 20, 40 and 60 
°C/min. Pengurangan jisim keseluruhan daripada sampel dikenalpasti sebanyak  
87.1, 62.8, 61.7, 59.1 dan 51.7% pada kadar pemanasan of 5, 10, 20, 30, 40 dan 60 
°C /min. Keputusan daripada eksperimen ini menunjukkan tenaga pengaktifan adalah 
6.05, 6.83, 8.54, 11.98 and 10.61 kJ/mol pada kadar pemanasan 5, 10, 20, 40 dan 
60°C/min. Kajian ini menunjukkan bahawa perubahan penting pada proses pirolisis 
apabila kadar pemanasan berubah. Peningkatan kadar pemanasan mengakibatkan 
kadar penghasilan produk yang tinggi. Pada kadar pemanasn yang lebih rendah 
rendah, masa eksperimen adalah lebih panjang dan menyebabkan peratusan 
pengurangan jisim yang tinggi. Nilai tenaga pengaktifan pada mulanya meningkat 
apabila kadar pemanasan meningkat. Walaubagaimanapun, peningkatan kadar 
pemanasan selanjutnya menyebabkan tenaga pengaktifan menurun dengan 
mendadak. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1       Background  of Study 
 
 
 Renewable energy is of growing importance in satisfying environmental 
concerns over fossil fuel usage. These can provide the only source of renewable 
liquid, gaseous and solid fuels. Biomass is considered the renewable energy source 
with the highest potential to contribute to the energy needs of modern society for 
both the developed and developing economies worldwide. Biomass resources include 
various natural and derived materials, such as woody and herbaceous species, wood 
wastes, bagasse, agricultural and industrial residues, waste paper, municipal solid 
waste, sawdust, biosolids, grass, waste from food processing, animal wastes, aquatic 
plants and algae etc. Recently, owing to environmental and economic considerations, 
interest in utilizing biomass for the production of energy and chemicals is increasing.  
 
 
 Malaysia as the largest producer of palm oil in the world generates a 
significant amount of oil palm wastes. This is true in the cases of some other Asean 
countries as well. According to a study by Yatim (1996), Malaysia generates 7.7 
million tonnes of empty fruit bunches (EFB) (Figure 1.1), 6.0 million tonnes of fiber 
and 2.4 million tonnes of palm shell every year as wastes. EFB are not considered for 
fuel because of its high moisture content (65%). The fiber wastes are used to 
generate energy to run the palm oil mill by incinerating the waste for power and 
fertilizer purposes.  
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 According to Ngan and Ang (1996), it must be emphasized that palm oil mills 
generally have excess fiber and shell which are not used and have to be disposed off 
separately. There are more than 270 palm oil mills operating in Malaysia that utilize 
mainly fiber and partly shell in their boilers as fuel to generate power and steam 
required by the industry. The fiber is fully required in the mill for this purpose. 
However, only about 30% of shell is utilized for this purpose (Shamsuddin, 1985). 
Besides, the present utilization of this palm waste as boiler fuel is creating a serious 
emission problem in the industry.  
 
 
 From a recent study conducted by Ramli and Rozaine (1997), it appears that 
more than 80% of the boilers emit particles exceeding 0.4 g Nm-3, the permissible 
limit set by the Department Of Environment. The study showed that the range of 
emission varied from 0.25 to 3.73 g Nm-3. From another study by Yusof and 
Rozainee (1993), it was found that the boilers, using palm waste as fuel at palm oil 
mills, are producing very much higher levels of dust emission of up to 11.6 g Nm-3 
compared to the allowable limit of 0.4 g Nm-3 causing a serious environmental 
problem.  
 
 
 Thus, it is important to find some ways and means to use these wastes in a 
manner that does not pollute the environment and at the same time, provide 
improved materials and energy. It is currently widely acknowledged that the most 
ecologically sound way to treat a worn-out waste product is pyrolysis.  
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Figure 1.1 Empty Fruit Bunch (EFB) at mill 
 
 
 
 
1.2 Biofuels from Biomass by Pyrolysis Process 
 
 
 Pyrolysis is considered to be an emerging, new and potential technology to 
produce value-added products, fuel and chemicals from oil palm waste. Pyrolysis 
may be described as the thermal degradation of materials in the complete absence or 
inadequate presence of oxygen (Bridgewater and Bridge, 1991). More recently, 
pyrolysis is meant for liquid production although solid char and gas are also obtained 
as by-products. From the process, three main products are formed, char (solid), 
pyrolytic oil (liquid) and gaseous fuel. The oil palm shell char could be used to make 
activated carbon for water treatment and gas adsorbent materials, nano-materials for 
gas separation and storage, microwave shielding material, Herawan (2000), Tan 
(2001), and Yusof (2004). 
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1.3 Problem Statement 
 
 
 This process of pyrolysis was influenced by some variables such as heating 
rate, operating temperature, species of biomass, time and particle size. These 
parameters will affect the product conversion or performance in terms of its 
percentage of volatiles compound. The greater amount of volatiles matter will point 
out much higher amount bio-oil product. In order to understand the behaviour of the 
process, the parameters of pyrolysis were investigated. 
 
 
 
 
1.4 Objectives of the Project 
 
 
 The biomass pyrolysis behaviour is influenced by many parameters, such as 
heating rates, operating temperature, particles size and biomass species. Heating rate 
play a major role in biomass pyrolysis. At low heating rates, there were some 
resistances to mass or heat transfer in the complex matrix of biomass, causing low 
total mass loss rates value or in other words low conversion of biomass to liquid or 
gaseous pyrolysis products. However, an increase in heating rate may overcome 
these resistances by means of strengthened driving forces of mass and heat transfer 
inside the particles of biomass, and lead to a higher conversion rate. So, the objective 
of this project is to investigate the effect of heating rate on EFB biomass pyrolysis 
behaviour. 
 
 
 
 
1.5  Scopes of Research Work 
 
  
 In this research, the sample of biomass that is chosen is an empty fruit bunch 
(EFB). In order to run the experiment, five constant heating rates were chose which 
are 5, 10, 20, 40, and 60 °C/min by using a thermogravimetric analyzer (TGA). The 
first scope of this research is to investigate the effect of heating rate on the pyrolysis 
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yield. By this, the maximum loss rates and the total losses of the sample will 
determine in term of its percentage.  
 
 
 Activation energy also is an important matter is this research. From it, we can 
know how much the minimum amount of energy required to initiate a reaction from 
occur. So for the second scope, the activation energies at all heating rates will be 
calculated and compared. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
 Biomass has historically supplied human needs for food, fiber, energy, and 
structural material. The potential for biomass to supply much larger amounts of 
useful energy with reduced environmental impacts compared to fossil fuels has 
stimulated substantial research and development of systems for handling, processing, 
and converting biomass to heat, electricity, solid, liquid and gaseous fuels, and other 
chemicals and products. Greater use of biomass has also been motivated by 
improvements experienced in local and global environmental quality. Pyrolysis and 
other thermochemical conversion processes offer an important opportunity for the 
utilization of biomass and waste. The increasing dependence on imported oil as well 
as the urgency to reduce Greenhouse emissions abounds in justifying an energy 
policy that carefully considers the role of renewable sources as energy carrier. 
 
 
 
 
2.1 Biomass 
 
 
 According to Yaman (2004), biomass can generally be defined as any 
hydrocarbon material which mainly consists of carbon, hydrogen, oxygen and 
nitrogen. Sulfur is also present in less proportion. Some biomass types also carry 
significant proportions of inorganic species. The concentration of the ash arising 
from these inorganic changes from less than 1%in softwoods to 15%in herbaceous 
biomass and agricultural residues. 
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Biomass resources include various natural and derived materials, such as woody and 
herbaceous species, wood wastes, bagasse, agricultural and industrial residues, waste 
paper, municipal solid waste, sawdust, biosolids, grass, waste from food processing, 
animal wastes, aquatic plants and algae etc.  
 
 
 
 
2.1.1 Composition of Biomass 
 
 
 Understanding of the chemical structure and major organic components in 
biomass is extremely important in the development of processes for producing 
derived fuels and chemicals. Biomass has a complex chemical composition, and both 
organic and inorganic constituents are important to the handling and conversion 
processes. The dominant structural compounds making up plant biomasses are 
cellulose (C6 polymers), hemicelluloses (predominantly C5 polymers but including 
C6 species) and lignins.  
 
 
 Organic compounds in biomass also include extractives, non-structural 
compounds mostly soluble in water and/or various organic solvents (fatty acids, 
lipids, terpenoids, phenolic compounds, glycosides, proteins, triglycerides, terpenes, 
waxes, cutin, suberin, flavonoids, betalains, alkaloids). Plants accumulate inorganic 
materials (ash), sometimes in concentrations exceeding those of hemicelluloses or 
lignin. The concentration of the ash arising from these inorganic changes from less 
than 1% in softwoods to 15% in herbaceous biomass and agricultural residues 
(Yaman, 2004). 
 
 
 Cellulose is a linear crystalline polysaccharide, with general formula 
(C6H10O5)n. It serves as the framework substance, making up 40-50% of wood. The 
polymer is formed from repeating units of cellobiose, a disaccharide of linked 
glucose moieties as shown by Figure 2.1. Hemicelluloses are matrix substances 
between cellulose microfibrils. They are polysaccharides of variable composition 
containing both five (including xylose and arabinose) and six carbon monosaccharide 
units (including galactose, glucose, and mannose).  
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 Hemicelluloses constitute 20 to 30% of wood and other biomasses, generally 
with higher concentrations in hardwoods than softwoods. Partial structures for the 
primary forms of hemicellulose in hardwood and softwood are shown in Figure 2.2 
and Figure 2.3. The most abundant monomeric unit hemicelluloses is xylan.  
 
 
 The lignins are highly branched, substituted, mononuclear polymers of 
phenylpropane units, derived from coniferyl, sinapyl, and p-coumaryl alcohols. They 
are often bounding to adjacent cellulose fibers to form a lignocellulosic complex. 
The structure varies among different plants. Softwood lignin is composed principally 
of guaiacyl units stemming from the precursor trans-coniferyl alcohol. Hardwood 
lignin is composed mostly of guaiacyl and syringyl units derived from trans-coniferyl 
and trans-sinapyl alcohols. Grass lignin contains p-hydroxyphenyl units deriving 
from trans-p-coumaryl alcohol. Almost all plants contain all three guaiacyl, syringyl, 
and p-hydroxyphenyl units in lignin. A partial structure of softwood lignin is shown 
in Figure 2.4. The lignin contents on a dry basis generally range from 10% to 40% by 
weight in various herbaceous species (Yaman, 2004). 
 
 
 
 
Figure 2.1 Cellobiose, the repeating unit of cellulose (Salisbury and Ross, 1992) 
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Figure 2.2 Partial structures of the principal hemicelluloses in wood: O-acetyl-4-O-
methylglucuronoxylan from hardwood: Ac=acetyl group (Salisbury and Ross, 1992) 
 
 
 
 
Figure 2.3 Partial structures of the principal hemicelluloses in wood O-acetyl-
galactoglucomannan from softwood :Ac=acetyl group (Salisbury and Ross, 1992). 
